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Description 


OUT OF THE BOX VERTICAL TRANSISTOR 
FOR eDRAM ON SOI 

Background of Invention 

[0001] The present invention relates to electronic devices, and 
more particularly to vertical memory devices, such as 
eDRAM devices, formed within a silicon-on-insulator (SOI) 
substrate. 

[0002] Dynamic Random Access Memory (DRAM) cells are well 
known. A DRAM cell is essentially a capacitor for storing 
charge and a pass transistor (also called a pass gate or 
access transistor) for transferring charge to and from the 
capacitor. Data (1 bit) stored in the cell is determined by 
the absence or presence of charge on the storage capaci- 
tor. Because cell size affects chip density, and cost, re- 
ducing cell area is one of the DRAM designer's primary 
goals. 

[0003] one way to accomplish this density goal without sacrific- 
ing storage capacitance is to use trench capacitors in the 


cells. Trench capacitors can be formed by etching deep 
trenches in a silicon wafer and forming vertically orien- 
tated capacitors within each deep trench. Thus, the sur- 
face area required for the storage capacitor is dramatically 
reduced without sacrificing capacitance, and correspond- 
ingly, storable charge. Each deep trench may have a depth 
on the order of lum or greater. In order to further de- 
crease the density of the device, the access transistor can 
also be positioned in a vertical orientation, as opposed to 
a planar orientation. 

[0004] vertical memory devices are advantageous, in comparison 
to planar memory configurations, for increased density, 
performance and lithographic considerations. Vertical 
memory devices increase density by reducing the cell area 
of each memory device, therefore allowing for closer posi- 
tioning of adjacent memory devices. Additionally, each 
vertically orientated access transistor within each vertical 
memory device essentially contains a double gate, there- 
fore allowing for increased drive current, in comparison to 
a single gate utilized in planar access transistors. 

[0005] There is interest in integrating the excellent drive current 
and density of vertical memory devices with the superior 
logic devices that can be formed on silicon-on-insulator 


(SOI) substrates, to obtain vertical memory embedded dy- 
namic random access memory (eDRAM). SOI substrates 
reduce parasitic capacitance within the integrated circuit 
and reduce individual circuit loads, thereby improving cir- 
cuit and chip performance. 

[0006] Previous attempts to integrate vertical eDRAM devices 

with SOI technology have encountered a number of disad- 
vantages. For example, since the trenches, in which verti- 
cal eDRAM devices are positioned, typically extend 
through the buried insulating layer of the SOI substrate, 
electrical communication must be provided to the memory 
capacitor through the buried insulating layer. In prior de- 
vices, if the vertical device is positioned below the buried 
insulating layer, the buried insulating layer produces a 
vertical discontinuity, where electrical communication to 
the memory device is negatively impacted. Additionally, 
the thickness of the upper silicon containing layer of the 
SOI substrate, typically being on the order of about 70 nm 
to about 100 nm, is too thin to accompany the formation 
of the entire vertical device without extending into the 
underlying buried insulating layer. 

[0007] a vertical memory device is needed that may be integrated 
with an SOI substrate, where electrical communication 


from the top surface of the SOI substrate to the access 
transistor of the memory device is provided without sub- 
stantially affecting the memory device"s physical orienta- 
tion. 

Summary of Invention 

[0008] An object of the present invention is to provide a vertical 
memory device, such as an eDRAM, in an SOI substrate. It 
is another object of the present invention to provide a 
vertical memory device within an SOI substrate, in which 
the vertical memory device is in electrical contact through 
the buried insulating layer of the SOI substrate to a bitline 
positioned on the SOI substrate's surface. 

[0009] These and other objectives are achieved in the present in- 
vention by circumventing the buried insulating region of 
the SOI substrate through an out of buried insulating re- 
gion contact, where the bitline contacting the SOI layer is 
electrically connected to the memory device. The term 
"out of buried insulating region contact" is meant to de- 
note that electrical contact to the memory device is estab- 
lished through the buried insulating layer by an upper 
strap diffusion region formed in a laterally etched divot 
region. The out of buried insulating region contact may 
also be referred to as an "out of the box contact", when 


the buried insulating region is an oxide. The upper strap 
is formed by laterally etching a portion of the buried insu- 
lating region to produce a divot, in which doped polysili- 
con is deposited. In addition to providing electrical con- 
ductivity, the upper strap diffusion region functions as the 
source of the access transistor. In broad terms, the inven- 
tive vertical memory device comprises: a substrate com- 
prising a silicon-containing layer atop an insulating layer; 
at least one trench within the substrate, the at least one 
trench comprising a divot laterally extending from a 
trench sidewall into the insulating layer; a capacitor in a 
lower portion of at least one trench; and a transistor in an 
upper portion of at least one trench, the transistor in 
electrical contact to the silicon-containing layer of the 
substrate through an upper strap diffusion region partially 
positioned within the divot of the trench. 
[0010] The present structure provides a means to connect a bit- 
line directly from the surface of the substrate to the ac- 
cess transistor of a memory cell device. Specifically, an 
upper strap diffusion region electrically connects the up- 
per silicon-containing layer of the substrate, hereafter the 
SOI layer, to the memory device through the buried insu- 
lator layer. The upper strap diffusion region can be posi- 


tioned within a divot laterally extending from the trench 
sidewall into the insulating layer of the substrate, in which 
the upper strap diffusion region also functions as the 
source of the vertical transistor. The lower strap diffusion 
region provides electrical communication between the 
transistor and the capacitor and functions as the drain of 
the vertical transistor. The upper and lower strap diffusion 
regions may comprise doped silicon having a first con- 
ductivity-type dopant, where the portion of the substrate 
separating the upper and lower strap diffusion regions is 
doped with a second-conductivity dopant. 

[0011] The above memory cell device can be incorporated with at 
least one logic device. For example, the substrate can 
comprise an array region and a support region separated 
by an isolation region, in which the array region can in- 
clude at least one of the above memory devices and the 
support region can comprise a logic device. The logic de- 
vice can be a polysilicon gate device having source/drain 
regions formed in the SOI layer of the substrate. 

[0012] Another aspect of the present invention is a method of 
forming a memory device in a silicon-on-insulator sub- 
strate, in which an upper strap region provides electrical 
communication between the silicon-containing layer (SOI 


layer) of the substrate and the memory device. 
[0013] Broadly, the inventive method comprises: forming at least 
one trench in a substrate, where the substrate comprises 
a silicon-containing layer atop an insulating layer, the at 
least one trench is formed to a depth extending through 
the insulating layer; forming a node dielectric and a collar 
in the at least one trench, the collar being positioned 
above the node dielectric; forming a capacitor node in a 
lower portion of the at least one trench; recessing the col- 
lar below a top surface of the capacitor node to expose a 
portion of the insulating layer and laterally etching the in- 
sulating layer to provide a divot; forming strap diffusion 
regions, comprising a lower strap diffusion region par- 
tially positioned on the collar and an upper strap diffusion 
region partially positioned in the divot, wherein the upper 
strap diffusion region is in electrical contact with the sili- 
con-containing layer; depositing a trench top oxide on the 
capacitor node; forming a transistor atop the trench top 
oxide, the transistor comprising a source region that is 
the upper strap diffusion region and a drain region that is 
the lower strap diffusion region; and forming a via inter- 
connect to an upper silicon-containing layer of the sub- 
strate, wherein the via interconnect is in electrical contact 


with the transistor through the upper strap diffusion re- 
gion. 

[0014] The trenches in the substrate may be provided by forming 
a patterned pad layer atop the substrate and then direc- 
tionally etching the exposed portions of the substrate se- 
lective to the patterned pad layer. The collar can be re- 
cessed with a directional etch process, which recesses the 
collars selective to the patterned pad layer and the capac- 
itor node. The divot regions may be formed by a non- 
directional etch process selective to the patterned pad 
layer and the trench sidewalk 

[0015] strap regions may be formed by conformally depositing 
doped polysilicon within the trenches followed by direc- 
tionally etching. Following the etch, a remaining portion 
of polysilicon is positioned within the divot and atop the 
recessed surface of the collar. The polysilicon within the 
divot provides an upper strap diffusion region. Dopant 
from the polysilicon diffuses into the surrounding silicon 
of the substrate and functions as the source of the subse- 
quently formed vertical transistor. The polysilicon posi- 
tioned atop the recessed surface of the collar provides the 
lower strap diffusion region. Dopant from the polysilicon 
diffuses into the surrounding silicon of the substrate and 


functions as the drain of the subsequently formed vertical 
transistor. 

[0016] The gate region includes a gate dielectric that is thermally 
grown on the upper trench sidewalls and a polysilicon 
gate. The gate region in conjunction with the upper strap 
and the lower strap diffusion regions provide an access 
transistor to the underlying capacitor, in which the access 
transistor has a vertical orientation. The interconnect via 
to the upper silicon containing layer of the substrate may 
be a bitline. 

[0017] The above method can be utilized to provide memory de- 
vices within an array region of the device, while a support 
region of the substrate provides logic devices. First, an 
array region wiring dielectric is formed atop the substrate 
and patterned to expose a portion of the substrate to pro- 
vide an isolation region. Following a conventional etch and 
a trench fill process, the isolation trench separates the 
support region from the array region, where the array re- 
gion comprises the memory devices. The support region 
of the substrate can be processed to provide logic re- 
gions. 

Brief Description of Drawings 
[0018] FIG. 1 is an illustration of a cross-sectional view of one 


embodiment of the present memory array and support ar- 
ray regions formed within a silicon-on-insulator sub- 
strate, in which the memory array includes memory de- 
vices having an out-of-buried insulator upper strap and 
the support region includes logic devices. 
[0019] FIGS. 2-9 illustrate (through cross-sectional view) the 

process steps for producing the memory array depicted in 
FIG. 1. 
Detailed Description 

[0020] a memory array and support structure in SOI substrates, 
and method of forming the same, will now be discussed in 
greater detail by referring to the drawings that accompany 
the present application. In the accompanying drawings, 
like and corresponding parts are referred to by like refer- 
ence numbers. Although the drawings show the presence 
of an array region containing only two memory devices 
and a support region containing only a single logic device, 
multiple memory devices and multiple logic devices are 
also within the scope of the present invention. 

[0021] The present memory array and support structure com- 
bines the high-drive current and high-density character- 
istics possible in a vertical memory device, with the supe- 
rior logic devices formed on a silicon-on-insulators (SOI) 


substrate. The advantages of forming logic devices on SOI 
substrates include higher packing density, the reduction 
of latch-up effects, lower junction capacitance, suitability 
to low-voltage applications, and higher performance. 

[0022] Referring to FIG. 1, the SOI substrate 10 includes an upper 
Si-containing layer (SOI layer) 11, a buried insulating re- 
gion 12, and a bulk silicon portion 13. The array region 4 
comprises at least one trench 15, where each trench 15 
may comprise a memory device. Each memory device 
comprises a capacitor 2 and an access transistor 3 sepa- 
rated by a trench top oxide 24. 

[0023] The access transistor 3 comprises a gate conductor 25, a 
gate dielectric 23, and source and drain regions. The 
source and drain regions are the upper strap diffusion re- 
gion 21 and the lower strap diffusion region 22. The up- 
per strap diffusion region 21 is formed from outdiffused 
dopant from the polysilicon that is positioned within a 
divot extending from the trench sidewall into the buried 
insulating region 12. The lower strap diffusion region 22 
is formed from dopant outdiffused from the polysilicon 
that is positioned atop the collar 16 of the device. The up- 
per strap diffusion region 21 provides electrical commu- 
nication between the source of the access transistor and 


the SOI layer 11 through the buried insulating layer 12. A 
bitline 43, which is in electrical contact with the SOI layer 
11, is also in electrical contact to the memory device 
through the upper strap diffusion region 21. The lower 
strap diffusion region 22 may function as the drain of the 
access transistor 3 and is positioned to provide electrical 
contact between the access transistor 3 and the underly- 
ing capacitor 2. 

[0024] The upper strap 21 and lower strap 22 diffusion regions 
can be doped with a first conductivity type dopant, while 
the portion of the substrate separating the upper and 
lower strap diffusion regions 21, 22 may be doped with a 
second type dopant. Preferably, the dopants may be se- 
lected to provide an nFET access transistor 3. Alterna- 
tively, the dopant may be selected to provide a pFET ac- 
cess transistor 3. 

[0025] The capacitor 2 is formed underlying the access transistor 
3 in a lower portion of the trench 15. Each capacitor 2 
comprises a lower capacitor plate 17 and an upper capac- 
itor plate 19 separated by a node dielectric 18. The sup- 
port region 7 may include logic devices such as nFETs and 
pFETs. The method for forming the memory array and 
support structure depicted in FIG. 1 is now described in 


greater detail referring to FIGS. 2-9. 

[0026] Referring to FIG. 2 an initial structure 5 is provided in- 
cluding a pad dielectric layer 6 atop a silicon-on-insulator 
(SOI) substrate 10, in which the SOI substrate 10 includes 
trench regions 15 formed therein. Each trench region 15 
further comprises a collar region 16 positioned on the 
sidewall of an upper portion of the trench 15; a lower ca- 
pacitor plate 17 positioned in a lower portion of the 
trench 15; and a node dielectric 18 positioned along the 
sidewall of at least the lower portion of the trench 15. 

[0027] The SOI substrate 10 is fabricated using techniques well 
known to those skilled in the art. For example, the SOI 
substrate 10 can be formed by a thermal bonding pro- 
cess, a layer transfer process, or alternatively, the SOI 
substrate 10 can be formed by an oxygen implantation 
process, which is referred to in the art as separation by 
implantation of oxygen (SIMOX). 

[0028] The upper silicon-containing layer 11, hereafter referred 
to as an SOI layer 11, may be a Si-containing layer having 
a thickness T2 ranging from approximately 20 nm to ap- 
proximately 100 nm. The term "Si-containing layer"as 
used herein denotes any semiconductor material that in- 
cludes silicon. Illustrative examples of various Si semicon- 


ductor materials that can be employed in the present in- 
vention include, but are not limited to: Si, SiGe, SiGeC, SiC 
and other like Si-containing materials. Combinations of 
the aforementioned semiconductor materials can also be 
used as the Si-containing layer 11 of the SOI substrate 10. 
The buried insulating region 12 is typically a buried oxide 
layer, which may have a thickness T3 ranging from about 
150 nm to about 200 nm. The thickness of the bulk Si 
layer 13, underlying the buried insulating region 12, is not 
pertinent to the present invention. 
[0029] The SOI layer 11 is doped to provide suitable electrical 
conductivity for a conduction path from a subsequently 
formed bitline 43 to the subsequently formed memory 
devices. Preferably, the SOI layer 11 is doped to provide n + 
type silicon. Conventional processes, such as ion implan- 
tation, may introduce the dopant. Alternatively, the SOI 
layer 11 can be in-situ doped. In one embodiment, a pho- 
toresist block mask (not shown) may be formed to selec- 
tively implant the array region 4, while a remaining por- 
tion of the substrate underlying the photoresist block 
mask is protected. The protected region of the SOI sub- 
strate 10 may then be subsequently processed to form the 
support region 7. 


[0030] a dielectric layer 6 is formed atop the SOI substrate 10. 
The dielectric layer 6 is deposited by chemical vapor de- 
position (CVD) and related methods and can comprise ni- 
tride, oxide, or oxynitride materials, preferably being S^N 
. Following deposition, the dielectric layer 6 is patterned 

4 

to provide an etch mask for the subsequently formed 
trench regions 15 using photolithography and an etch 
process. 

[0031] Trench regions 15 are then formed into the SOI substrate 
10 using a timed etch process that is highly selective for 
removing SOI substrate 10, as opposed to the patterned 
pad dielectric layer 6 and the buried insulating layer 12. 
The selective etch process may be selected from the 
group comprising of, but not limited to: reactive ion etch 
(RIE), ion-beam etching, plasma etching or any other like 
dry etch process. The final depth of each trench 15 mea- 
sured from the top surface of the SOI substrate, is greater 
than about 1 urn, preferably being from about 4 urn to 
about 10 urn. The trenches 15 are formed in rows and 
columns of the Si-containing substrate. The trenches 15 
provide the areas within the array region 4, in which the 
storage capacitor 2 and access transistors 3 are formed. 

[0032] | n one embodiment, the trench regions 15 may be formed 


by a first etch, which defines the depth of the bottom sur- 
face of the subsequently formed collar 16 from the top 
surface of the SOI substrate 10, followed by another etch 
that defines the final depth of the trenches 15 from the 
surface of the substrate. 

[0033] | n this embodiment, the collar 16 is formed following the 
initial trench etch and prior to additional etching, which 
provides the final trench depth. A dielectric material is 
conformally deposited within the trench following the ini- 
tial trench depth etch by a deposition process, such as 
chemical vapor deposition or related processes. The di- 
electric material can be any dielectric material including 
oxides, nitrides, and/or oxynitrides. The horizontal sur- 
face of the dielectric material within the trench is then 
etched using a conventional directional etch process, such 
as reactive ion etch, where the remaining portion of the 
dielectric material positioned on the trench sidewalls pro- 
vides the collar 16. Following the formation of the collar 
16, additional trench etching selective to the patterned 
pad dielectric layer 6 and the collar 16 provides the final 
depth of the trenches 15. 

[0034] | n another embodiment, the collar 16 may be formed after 
the trench regions 15 are etched to their final depth. More 


specifically, a dielectric material, preferably an oxide, is 
formed by a deposition process, such as chemical vapor 
deposition (CVD), plasma enhanced CVD (PECVD), high 
density (CVD)(HDCVD) or chemical solution deposition. 
Alternatively, the dielectric material can be formed using a 
local oxidation of silicon (LOCOS) like process including a 
thermal process, such as oxidation, nitridation, and 
oxynitridation. 

[0035] Following deposition, the dielectric material can be re- 
moved from the lower portion of the trench using etch 
processes, including dry and/or wet etching, where the 
remaining portion of the dielectric material remains in the 
upper portion of the trench providing the collar 16, as de- 
picted in FIG. 2. 

[0036] Regardless of the processed used, the collar 16 preferably 
comprises Si0 2 and has a thickness ranging from about 20 
nm to about 40 nm. The thickness of the collar region 16 
is preferably minimized to provide the greatest area for 
subsequent polysilicon fill, so long as the thickness of the 
collar 16 is sufficient to suppress conduction of a parasitic 
transistor, which is subsequently formed between the 
lower strap diffusion region 22 and trench capacitor 2. 

[0037] | n another embodiment of the present invention, a body 


contact may be formed following trench formation 15, us- 
ing the trench opening and depositing the appropriate 
contact material. The appropriate contact materials may 
be doped polysilicon or metals, such as W. 

[0038] Next, a lower capacitor plate 17 is formed about the exte- 
rior walls of the lower trench regions using a process that 
is capable of diffusing dopant through the trench walls 
into the portion of substrate surrounding the lower 
trench. Preferably, the lower capacitor plate 17 is formed 
using n + dopants by introducing a dopant source to the 
sidewalls of the trench and then thermally diffusing the 
dopant into the substrate 10. The dopant may be intro- 
duced by ion implantation or by depositing a layer of n- 
type doped material, such as arsenic doped silicate glass. 
The dopant may be diffused by thermal methods, such as 
by a rapid thermal anneal. 

[0039] Following lower capacitor plate 17 formation, a node di- 
electric 18 is then formed along the trench sidewalls. 
Specifically, a node dielectric Iayerl8may be conformally 
formed on the sidewalls and base of the lower trench re- 
gion 15 using deposition methods, such as CVD or 
plasma-enhanced CVD. The node dielectric 18comprises 
any dielectric material including, but not limited to: Si N , 


Si0 2 , A ' 2 0 3 > Zr 0 2 , and HfCK In a preferred embodiment, 
the node dielectric 18 comprises Si^. The node dielec- 
tric layer 18 typically has a thickness ranging from about 
1 nm to about 7 nm, with a thickness of from about 1.5 
nm to about 3 nm being more typical. 
[0040] | n another embodiment of the present invention, the node 
dielectric 18 may be formed using a thermal growth pro- 
cesses, such as thermal nitridation. In this embodiment, 
the thermally grown nitride dielectric layer is not formed 
along the region of the trench sidewall that abuts the 
buried insulating layer 12. Since the node dielectric 18 
does not form along the buried insulating layer 12, the 
buried insulating layer 12 may be laterally etched to pro- 
vide a divot region 20, prior to the formation of the collar. 
The divot region 20 may then be filled with doped polysil- 
icon for producing the upper strap diffusion regions 21. 
Therefore, forming the node dielectric 18 by thermal 
growth processes provides that the upper strap diffusion 
region 21 may be formed prior to the formation of the 
collar 16. 

[0041] Referring now to FIG. 3, the trench regions 15 are then 
filled with the material of the upper capacitor plate 19. 
The fill material typically includes arsenic doped polysili- 


con. The fill material is typically deposited using deposi- 
tion processes well known in the art including: chemical 
vapor deposition (CVD), low pressure CVD (LPCVD), and 
high-density chemical vapor deposition (HDCVD). Prefer- 
ably, when utilizing polysilicon for the upper capacitor 
plate 19 material, during formation the fill material may 
be in-situ doped with n-type dopants Following deposi- 
tion, the doped fill material is then recessed using a wet 
etch process. Preferably, the etch chemistry is selective for 
removing doped polysilicon without substantially etching 
the collar 16 or the node dielectric 18. Preferably, the 
doped fill material is recessed below the buried insulating 
region 12 of the SOI substrate 10. The storage capacitor 2 
in each trench comprises a lower capacitor plate 17, a 
node dielectric 18, and an upper capacitor plate 19. The 
recessed doped fill material provides the upper capacitor 
plate 19, which is hereafter referred to as the capacitor 
node 19. 

[0042] | n a next process step, an isotropic etch laterally etches a 
portion of the insulating region 12 that abuts the sidewall 
of the trench regions 15, and recesses the top surfaces of 
the collar 16 below the top surface of the capacitor node 
19. Once the top surface of the collars 16 are recessed the 


exposed portions of the node dielectric 16 are removed 
from the top portion of the trench. 

[0043] The laterally etched portion of the buried insulating re- 
gion 12 provides a divot 20 that is subsequently formed 
with doped polysilicon to produce the upper strap diffu- 
sion region. The recessed portion 14 of the collar 16 is 
positioned to provide the location of the subsequently 
formed lower strap diffusion region. 

[0044] The isotropic etch may be provided by any etch process 

having non-directional etch properties selective to etching 
the buried insulating layer 12 and the collar 16 without 
substantially etching the trench region 15 sidewalls. 
Preferably, the isotropic etch is a wet chemical etch having 
high selectivity to removing Si0 2 from the buried insulat- 
ing layer 12 and the collars 16, without substantially etch- 
ing the S' 3 N 4 patterned pad dielectric 6, the SOI layer 11, 
capacitor node 19, and portions of the trench sidewall 
that do not abut the insulating layer 12. 

[0045] Referring now to FIG. 4, doped polysilicon is then formed 
within the divot 20 and recessed portion 14 of the collar 
16 by deposition and etching, wherein the dopant subse- 
quently diffuses into the substrate to produce the upper 
strap diffusion region 21 and lower strap diffusion region 


22. Specifically, a polysilicon liner is deposited using a 
conformal deposition process including chemical vapor 
deposition processes, such as plasma enhanced chemical 
vapor deposition or low-pressure chemical vapor deposi- 
tion. The polysilicon liner is in-situ doped during deposi- 
tion to provide electrical conductivity. The polysilicon liner 
is preferably doped to have an electrical conductivity that 
is similar to the upper silicon-containing portion of the 
SOI layer 11, most preferably being n-type doped, in 
which the dopant is arsenic. 
[0046] The polysilicon liner is then etched using a combined 
anisotropic and isotropic etch process. In one embodi- 
ment, the combined anisotropic and isotropic etch pro- 
cess comprise a reactive ion etch (RIE) process including 
SF feed gas; a chemical dry etch process including CF 
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feed gas; and/or a wet chemical etch including NH 4 OH. 
Other etch chemistries are also contemplated, so long as a 
portion of the polysilicon liner remains within the divot 20 
and atop the recessed portion 14 of the collar 16. The 
dopant diffuses from the polysilicon positioned within the 
divot 20 and from atop the recessed portion of the collar 
16 into the substrate 13 during thermal processing to 
produce the upper strap diffusion region 21 and the lower 


strap diffusion region 22. In accordance with the present 
invention, the upper strap diffusion regions 21 and the 
lower strap diffusion regions 22 function as the source 
and drain regions of the subsequently formed access 
transistors. 

[0047] | n another embodiment, the upper strap diffusion region 
21 and lower strap diffusion region 22 may be formed on 
only one side of the trenches 15, to prevent electrical in- 
teraction with the strap regions of adjacent memory de- 
vices. The one sided strap is provided by an etch process 
which only selectively etches the collar 16 on one sidewall 
of the trench 15. Etch selectivity is provided on one side 
of the trench by implanting boron into one sidewall of the 
trench using angled implants. An etch chemistry having a 
highly selective for removing the portion of the trench 
sidewall doped with boron is then utilized to provide a 
divot 20 on one side of the trench. 

[0048] Referring now to FIG. 5, a sacrificial oxide layer (not 

shown) is then grown by thermal oxidation on the trench 
sidewalls. Following, sacrificial oxide growth a trench top 
oxide (TTO) layer 24 is formed atop the capacitor node 19 
by high-density plasma chemical vapor deposition 
(HDPCVD). An oxide 24a can also be formed atop the pat- 


terned dielectric layer 6. The trench top oxide (TTO) 24 
can be any oxide, preferably being SiCK The thickness of 
the trench top oxide (TTO) 24 may range from about 15 
nm to about 40 nm. 
[0049] | n a nex t process step, an etch process removes HDPCVD 
oxide that may have formed on the trench sidewalls and 
removes the sacrificial oxide layer. The etch process may 
be a timed wet chemical etch selective to the trench side- 
walls having an etch chemistry that preferably comprises 
HF. 

[0050] a gate dielectric layer 23 is then formed by thermal oxi- 
dation, preferably being SiCKAIternatively, the gate di- 
electric layer 23 may be formed by conventional deposi- 
tion and etch processes. The thickness of the gate dielec- 
tric 23 typically ranges from about 2 nm to about 10 nm. 

[0051] still referring to FIG. 5, a gate conductor layer 25 is then 
deposited by a deposition process, such as chemical vapor 
deposition (CVD), plasma-assisted CVD, high-density 
chemical vapor deposition (HDCVD), plating, sputtering, 
evaporation and chemical solution deposition. The gate 
conductor material is preferably polysilicon doped with 
arsenic but may also be comprised of metal silicides, 
metallic nitrides, metals (for example W, Ir, Re, Ru, Ti, Ta, 


Hf, Mo, Nb, Ni, Al) or other conductive materials. Follow- 
ing deposition, the gate conductor layer 25 is then etched 
back to below the buried insulator layer 12. 
[0052] insulating spacers 27 are then formed along the trench 

sidewall from the top surface of the patterned pad dielec- 
tric 6 to the gate conductor 25. The insulating spacers 27 
can be formed by conventional deposition and etch pro- 
cesses. The insulating spacers 27 are comprised of a di- 
electric such as a nitride, oxide, oxynitride, or a combina- 
tion thereof, preferably being Si N . The thickness of the 
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insulating spacers 27 typically ranges from about 15 nm 
to about 25 nm. 

[0053] Following insulating spacer 27 formation, a gate contact 

28 is formed atop the gate conductor 25. The gate contact 
28 is preferably doped polysilicon, but may also comprise 
other conductive materials. The gate contact 28 may be 
blanket deposited by a deposition processes and is then 
planarized so as to be coplanar with the oxide 24a, 
preferably by chemical mechanical polishing. The oxide 
24a is then removed from the patterned dielectric layer 6 
using an etch process. 

[0054] Turning now to FIG. 6, an isolation region 30 is then 

formed in the SOI substrate 10 that separates the support 


region 7 from the array region 4 of the device. The array 
region 4 typically includes the memory devices. The sup- 
port region 7 typically includes logic devices, such as 
nFETs and pFETs. 
[0055] The isolation region 30 may be an isolation trench ex- 
tending from the top surface of the device to a depth 
greater than the buried insulating layer 12. The depth of 
the isolation region is not critical to the present invention, 
so long as the isolation trench suppresses electrical inter- 
action between the array 4 and support 7 regions through 
the substrate. 

[0056] An isolation trench may be provided using deposition, 

photolithography, and etching. For example, a wiring level 
dielectric layer 39 may be first formed in a manner similar 
to the patterned pad dielectric layer 6, beginning with 
chemical vapor deposition (CVD) of a dielectric material, 
which may include nitrides, oxides, oxynitrides or a com- 
bination thereof. Preferably, the wiring dielectric layer 39 
comprises Si^ 

[0057] The wiring dielectric layer 39 is then patterned to provide 
an etch mask for the subsequently formed isolation region 
30 using conventional photoresist deposition, photoresist 
patterning and pattern development. The pattern is then 


transferred into the wiring dielectric layer 39 by conven- 
tional etch processes. 

[0058] The isolation region 30 is then formed by etching a trench 
into the SOI substrate 10, in which the patterned wiring 
dielectric layer 39 functions as an etch mask. The etch 
process may be any dry etching process such as reactive- 
ion etching (RIE) or plasma etching. 

[0059] Following etching, CVD or another like deposition process 
is used to fill the trench with polysilicon or another like 
dielectric material. The isolation region dielectric may also 
be high-density oxide, such as high density Si0 2 , de- 
posited by high-density plasma chemical vapor deposition 
(HDPCVD). A planarization process can be used to provide 
an isolation structure coplanar with the top surface of the 
wiring dielectric layer 39. 

[0060] Referring now to FIG. 7, array region wiring 32, 33, 34 is 
then formed within the wiring dielectric layer 39. The ar- 
ray region wiring 32, 33, 34 may include active wordlines 
32, passive wordlines 33, and trench wiring 34. The active 
and passive wordlines 32, 33 provide electrical communi- 
cation to the memory devices of the array region 4, there- 
fore turning them on and off. The active wordlines 32 are 
in electrical contact with the memory devices of one row 


of memory devices, as depicted in FIG. 7, which repre- 
sents one cross-section of one embodiment of the 
present invention. The passive wordline 33 are in electri- 
cal contact with another row of memory devices. The 
trench wiring 34 functions to connect the active wordlines 
32 and passive wordlines 33 to the peripheral wiring of 
the device. 

[0061] The array region wiring 32, 33, 34 is produced using con- 
ventional photolithography and etching. Specifically, a 
wiring etch mask comprising conventional photoresist is 
produced that exposes portions of the wiring dielectric 
layer 39, in which the active wordlines 32, passive word- 
lines 33, and trench wiring 34 are subsequently formed. 
The wiring etch mask can be a chrome negative mask. 

[0062] The exposed portions of the wiring dielectric layer 39 are 
then removed using a highly selective etch process, which 
does not substantially etch the wiring etch mask. The etch 
process may be a directional etch process, such as reac- 
tive ion etch (RIE). The etch process may be timed or may 
utilize end point detection methods. Following etch, the 
wiring etch mask can be stripped using a conventional 
chemical strip. 

[0063] a conductive material that forms the active word line 32, 


passive word line 33, and trench wiring 34 may then be 
blanket deposited atop the entire top surface of the de- 
vice, including the etched portion of the wiring dielectric 
layer 39. The conductive material is preferably doped 
polysilicon but can also be comprised of metal silicides, 
metallic nitrides, metals (for example W, Ir, Re, Ru, Ti, Ta, 
Hf, Mo, Nb, Ni, Al) or other conductive materials. The con- 
ductive material may be deposited using deposition pro- 
cesses including chemical vapor deposition (CVD), 
plasma-assisted CVD, high-density plasma chemical va- 
por deposition (HDPCVD), plating, sputtering, evaporation 
and chemical solution deposition. Preferably, active word 
line 32, passive word line 33, and trench wiring is formed 
using n-type doped polysilicon. Following deposition, the 
conductive material can be planarized back so that the top 
surface of the array wiring 32, 33, 34 is coplanar with the 
top surface of the wiring dielectric level 39. 
[0064] still referring to FIG. 7, an array region hardmask 35 is 

then formed atop and protecting the array region 4 of the 
device, while the support region 7 is exposed. The array 
region hardmask 35 may comprise any conventional hard- 
mask material deposited by chemical vapor deposition 
means including silicon oxides, silicon carbides, silicon 


nitrides, silicon carbonitrides, etc. Alternatively, the hard- 
mask layer may be deposited by spin-on methods, where 
the composition of the spin-on applied hardmask layer 
may include, but is not limited too: silsequioxanes, silox- 
anes, and boron phosphate silicate glass (BPSG). Prefer- 
ably, the array region hardmask 35 is an oxide, such as 
Si0 2 , deposited by chemical vapor deposition having a 
thickness ranging from about 20 nm to about 50 nm. 

[0065] Following the formation of the array region hardmask 35, 
the exposed portion of the substrate 10 is etched to re- 
move the wiring dielectric layer 39 and the pad dielectric 
layer 6 from the support region 7. This etch process may 
comprise any etch process, such as wet or dry etch pro- 
cesses, having high selectivity to removing the wiring di- 
electric layer 39 and the pad dielectric layer 6 without 
substantially etching the array region hardmask 35, the 
trench wiring 34, or the SOI layer 11. 

[0066] The support region 7 can then be processed to provide 
logic devices, preferably beginning with the support well 
implant of the SOI layer 11. The SOI layer 11 may be im- 
planted to form a n-type or p-type channel for the subse- 
quently formed logic devices. Although the support region 
4 of the present invention has been depicted using a sin- 


gle logic device for the purposes of clarity, multiple de- 
vices may be processed within the support region 4 using 
block-masks produced using conventional photolithogra- 
phy processes well known within the art. 

[0067] Following support well implant, a gate dielectric 36 is then 
formed atop the SOI layer 11 of the support region 7. Af- 
ter the gate dielectric 36 has been formed, a gate conduc- 
tor 38 is formed atop the gate dielectric 36 within the 
support region 4 by a deposition process (such as CVD, 
plasma-assisted CVD, plating, sputtering and etc.) fol- 
lowed by etching. It is noted that during support region 7 
processing the array region 4 is protected by the array re- 
gion hardmask 35. 

[0068] Now referring to FIG. 8, in a next process step a photore- 
sist mask is formed atop the support region 7 and the ar- 
ray region 4 is exposed. The array region 4 is then etched 
to remove the array region hardmask 35, the wiring di- 
electric layer 39, and the pad dielectric layer 6. Specifi- 
cally, the array region 4 may be etched using a directional 
etch process, such as reactive ion etch (RIE), having high 
selectivity to removing the array region hardmask 35, the 
wiring dielectric layer 39, and the pad dielectric layer 6 
without substantially etching the photoresist mask, active 


word line 32, passive word line 33, trench wiring 34 and 
SOI layer 11. Thereafter, the photoresist is stripped from 
the support region 7 using a conventional chemical strip. 

[0069] Referring to FIG. 9, insulating spacers 29 are then formed 
abutting the active word line 32, the passive word line 33, 
and the gate conductor 38 within the logic region 7. The 
insulating spacers 29 are formed using conventional de- 
position and etch processes. The insulating spacer 29 
material may comprise a dielectric such as a nitride, ox- 
ide, oxynitride, or a combination thereof. 

[0070] Following insulating spacer 29 formation, a photoresist 

block mask (not shown) is formed atop the support region 
7 of the SOI substrate 10 and the array region 5 is im- 
planted to form the channel region 40 of the vertical tran- 
sistor 3 that is positioned atop the capacitor 2 of each 
memory device. The channel 40 may be formed by im- 
planting p-type dopants with an implant energy sufficient 
to position the channel dopants between upper strap dif- 
fusion region 21 and the lower strap diffusion region 22, 
where the upper strap diffusion region 21 functions as the 
source of the transistor 3 and the lower strap diffusion re- 
gion 22 functions as the drain of the transistor 3. Prefer- 
ably, a p~ channel is formed by p-type dopants. Following 


channel implantation, the photoresist block mask is re- 
moved from the support region 4 using a chemical strip. 

[0071] still referring to FIG. 9, a photoresist block mask is then 
formed atop the array region 4 and the support region 7 
is processed to produce source/drain regions 41 for the 
logic devices. Similar to the well implant of the support 
region 4, the source/drain regions 41 of multiple devices 
may be processed within the support region 4 using 
block-masks, where the block-mask application and im- 
plantation procedure can be repeated to dope selected re- 
gions of the SOI layer 11 to provide differently doped 
source/drain regions, requiring either n-type or p-type 
dopants, for the different types of logic devices. 

[0072] | n a nex t process step, silicide regions 42 are formed to 
provide electrical contacts for the subsequently formed 
interconnects, including the bitline 43 and the support re- 
gion contact 44. It is noted that silicide is not formed atop 
the insulating spacers 29. A silicidation process is not re- 
quired to provide electrical contact for the subsequently 
formed interconnects. Alternatively, the electrical contacts 
for the subsequently formed interconnects may comprise 
a metal, such as W. 

[0073] Following silicide formation, a layer of dielectric material 


45 is blanket deposited atop the entire substrate and pla- 
narized. The blanket dielectric 45 may be selected from 
the group consisting of silicon-containing materials such 
as SiO , Si N , SiO N , SiC, SiCO, SiCOH, and SiCH com- 
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pounds; the above-mentioned silicon-containing materi- 
als with some or all of the Si replaced by Ge; carbon- 
doped oxides; inorganic oxides; inorganic polymers; hy- 
brid polymers; organic polymers such as polyamides or a 
poly(arylene ether) such as SiLK™; other carbon-con- 
taining materials; organo-inorganic materials such as 
spin-on glasses and silsesquioxane-based materials; and 
diamond-like carbon (DLC, also known as amorphous hy- 
drogenated carbon). In a preferred embodiment, the di- 
electric layer is spin-on borophososilicate glass (BPSG). 
[0074] Once planarized the dielectric layer 45 is then etched to 
provide via openings to the silicide contacts 42 of the ar- 
ray region 4 and the support region 7, in which the bitline 
43 and support region interconnect 44 are subsequently 
formed. The via openings are formed by conventional 
photolithography and etch process steps well known 
within the art. 

[0075] Following via formation the bitline 43 and the support re- 
gion interconnect 44 are formed by depositing a conduc- 


tive metal into the via holes using conventional process- 
ing, such as sputter or plating. The conductive metal may 
include, but is not limited to: tungsten, copper, aluminum, 
silver, gold, and alloys thereof. Alternatively, the bitline 43 
and support region interconnect 44 may be formed by de- 
positing doped polysilicon into the via holes. 
[0076] | n another embodiment, the via opening for the bitline 43 
may be utilized to produce a body contact. An etch pro- 
cess may be conducted through the via opening and im- 
plants can be introduced using multiple energies so that 
the SOI layer 11 and the bulk silicon-containing substrate 
13 maybe similarly doped. This embodiment allows for a 
body contact to be produced without additional trench 
formation. 

[0077] while the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details 
may be made without departing from the spirit and scope 
of the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and 
details described and illustrated, but fall within the scope 
of the appended claims. 


